The current challenge of agriculture is to get the best yields while overcoming frequent water deficit conditions. The objective of this study was to compare performances of three vetch species (Vicia narbonensis L., V. sativa L., and V. villosa Roth) subjected to water stress. Plants were sown in pots under rainout shelter and submitted to four water regimes: control (100% field capacity [FC]), 80%, 60%, and 40% FC through 3 yr experiment. Results showed that V. narbonensis had the smallest declines in all the studied variables in response to water restriction but the highest water use efficiency (WUE) and stress tolerance index (STI) in both control and water-treated plants. This indicates the greater tolerance of this species to water constraint and its better water use. Vicia villosa was characterized by drastic declines in leaf area and DM yield (75% and 64%, respectively). It had also the smallest WUE and STI suggesting its low adaptation to water stress. Vicia sativa showed severe reductions in seed yield and yield components; accordingly, it was the most sensitive species in terms of seed yield. The three species implied avoidance strategies to cope with water stress. The different levels of drought tolerance explain the species ecological distribution in Tunisia.
INTRODUCTION
Vetch species (Vicia narbonensis, V. sativa, and V. villosa) are common forage crops of the Fabacea family. Associated with oat, it is the most important fodder culture in the northern regions of Tunisia. Vetch and oat mixture occupies approximately 170.000 ha. Like all legumes, vetch is a valuable crop as it enriches soil organic matter and N through symbiotic fixation. In Tunisia, vetch is normally grown in rainfed conditions of the semiarid and subhumid areas as cover crop and green manure. Despite the importance of vetches in the country, the area reserved to these crops has declined in recent years, probably because of the use of non adapted species.
Traditional protein sources for animal feed are becoming expensive in Tunisia. So, it is necessary to search for feeding alternatives based on local resources (Kökten et al., 2010; Selmi et al., 2010 ). That's why much interest is granted, actually, to vetch species as they are widespread in Tunisia. Moreover, the high nutritive value of their seeds suggests them as a substitute to soybean in animal rations (Larbi et al., 2010; Huseyin, 2014; Renna et al., 2014) . Furthermore, most farmers in Tunisia produce their own seeds. For these reasons great consideration is given to seed yield in this study.
Tunisia is under the impact of two contradictory climates: the Mediterranean in the North and the Saharian in the Center and the South; hence water stress is a major constraint in Tunisian agriculture. However, vetch species are not grown only in the north of the country. Vicia narbonensis L. has a wide expansion ranging from the sub-humid to the arid region, V. sativa L. occupies the semi-arid region, while V. villosa Roth lays in the northern regions of Tunisia. Accordingly, we have investigated in this study if their ecological distribution is due to different drought tolerance levels.
Among abiotic constraints, water deficit is the most important factor limiting crop production and causing relatively low and unstable yields worldwide and particularly in regions submitted to the Mediterranean climate. Drought occurs when the available water in the soil is reduced and atmospheric conditions cause continuous loss of water by transpiration or evaporation. Plants undergo morphological, physiological, and biochemical changes under water deficit conditions, resulting in decreases of leaf expansion, growth and hence DM and seed yield. Plant growth during water deficit was determined by estimating the relative growth rate (RGR), which represents gain of fresh weight per unit time. Growth is reduced because of photosynthesis decline which is due, in turn, to stomatal closure under severe and prolonged water constraint (Pettigrew, 2004) .
Plants, in Mediterranean climate, suffer from seasonal drought which affects forage yield and quality. Moreover, it has been demonstrated that water constraint causes a significant decrease of seed yield during several growth stages. Generally, under severe drought conditions during the reproductive phase, a lower number of inflorescences and a higher abortion rate are the main causes of seed yield reduction (Pettigrew, 2004) . Accordingly, it is important that cultivated species have an adaptation to drought particularly through the optimization of water use. Water use efficiency (WUE) is the ability of the crop to produce biomass per unit of water transpired (Jaleel et al., 2008) . Water use efficiency is assigned by photosynthetic capacity, stomatal behavior and leaf characteristics such size, structure and foliage orientation (Moreno et al., 2008) . Harvest index (HI) is the ratio between seed yield and shoot DM. Both, HI and WUE are considered as important adaptive traits under water deficit conditions (Jaleel et al., 2008) . Moreover, Fernandez (1993) defined a stress tolerance index (STI, calculated as the product of DM yields of control and stressed plants divided by average yield of all control plants), which can be used to identify the most productive genotypes under both stress and non-stress conditions.
Plants developed mechanisms to survive water limited conditions. These mechanisms could be classified as escape, avoidance, and tolerance. Drought escape represents the ability of a plant to complete its life cycle before the onset of severe soil water deficit (Moreno et al., 2008; Khan et al., 2010) . Martinez et al. (2007) reported that this mechanism could be one of the most important features to minimize the impact of drought stress on crop production in common beans (Phaseolus vulgaris L.) Avoidance strategies are mechanisms that reduce water loss while maintaining water uptake, it includes stomatal closure, hydraulic conductance, changes in leaf area, leaf orientation, and anatomy and root growth patterns. Osmotic adjustment and changes in tissue elasticity are classified as stress tolerance strategies (Iannucci et al., 2002) .
Several studies about drought stress effect on growth and yield have been published, but very few have considered vetch species. To the best of our knowledge, no information on their tolerance to drought is available. A deeper understanding of species mechanisms to cope with water stress is necessary for breeders to identify the suitable plants to drought areas. Such data would be essential to promote the economic and environmental sustainability of crop-livestock systems in water limited regions. Therefore, this work aimed (i) to assess the vegetative growth and yield of three vetch species: Vicia narbonensis, V. sativa, and V. villosa under water stress conditions, (ii) to study plant strategies to withstand such constraint, and finally (iii) to determine if species drought tolerance explains their ecological distribution in Tunisia.
MATERIALS AND METHODS

Growth conditions and water treatments
The experiment was conducted during three seasons (2007-2008, 2008-2009, and 2009-2010) . Vetch seeds were sown in pots (25 cm diameter and 30 cm depth) maintained under rainout shelter. Pots were filled with 13 kg soil with physical and chemical characteristics presented in Table  2 . Prior to potting, the soil was air dried and sieved. Water treatments were imposed by weighing pots daily and adding water as needed to keep the experimental required proportions. Field capacity was determined before sowing by watering pots to excess, covering them with plastic lids and allowing them to drain until reaching a constant weight. Thus, the weight difference between pot with humidity at saturation and that of dry pot corresponds to the amount of water at FC (4.19 L in our experiment). Water stress treatments were initiated only after the complete expansion of the third leaf (30 d after sowing). Weed control in pots was conducted manually. 
Plant measurements
Leaf area and shoot biomass are given on a seedling torn off thoroughly from each replicate. Leaf area was measured by weighing leaf heliographic copies and then relating this weight to that of known surface areas (Garcia et al., 2002) . Leaves, stems, and roots were separated, oven dried at 80 °C for 48 h and weighed. Relative growth rate (RGR) is expressed in mg plant -1 d -1 and calculated using the following formula (Radford, 1967) : RGR = (ln DWf -ln DWi)/(tf -ti) where DWi is initial shoot dry weight, DWf is final shoot dry weight, t is the time and the subscripts denote the final and initial sampling. RGR was calculated for three time intervals during the second year of study.
Dry matter yield (g cm -1 ) is calculated as the ratio of shoot DM to corresponding area. These measures were performed after 40 d of water treatment (DWT)) and the mean of 3 yr measurements is presented. Stress tolerance index (STI) was determined according to the following formula (Fernandez, 1993) :
] where Yc and Ys are DM yields of control and stressed plants for each replicate, respectively, and Ȳc is average DM yield of all control plants. Stress tolerance index is the mean of 3 yr data.
Seed yield was measured by weighing seeds from the nine plants remaining in the pots. Yield components determined were inflorescences per plant, pods per plant, and seeds per pod. Harvest index (HI) was calculated as the ratio of seed yield to DM.
Water use efficiency (WUE, g L -1 ) was determined four times (after 37, 71, 105, and 133 DWT) during 2008-2009 growing season. These harvests correspond to vegetative growth stage, flowering stage, pod formation stage, and pod filling stage, respectively. Water use efficiency was calculated for one plant from each replicate or pot (10 plants per pot) as the ratio of shoot DM to transpired water during the experiment (Wu et al., 2008) . One pot from each replicate was kept with soil and plastic mulch, but without plants to measure evaporation. Water transpired was calculated by subtracting the water loss from pots containing plants (evapotranspiration) from those of empty pots (evaporative loss).
Statistical analysis
All data were subjected to ANOVA using proc mixed of SAS (version 8.0). Comparisons among water treatments and among species were performed using LSD option at 0.05 probability level. The significance of correlations between traits were determined using regression analysis at the P = 0.05 threshold.
RESULTS
Growth
Water constraint severely affected leaf area (LA) and this effect was more pronounced with water deficit intensity. Vicia narbonensis was characterized by the highest LA under both control and stressed conditions (Figure 1 ). It showed also the least LA reductions under 80% FC and 40% FC treatments (33% and 60%, respectively) in comparison to control. ANOVA showed highly significant differences (P < 0.001) between species, treatments and their interaction (Table 3) . Relative growth rate (RGR) was reduced depending on water stress intensity in V. narbonensis and V. sativa; it decreased, also with water stress duration (Figure 2 ). Indeed, it was significantly higher during the 37-71 DWT interval compared with 71-105 DWT and 105-133 DWT intervals for all three species (Figure 2 by water stress intensity, but showed reductions in RGR depending on water stress duration. In this species, RGR variations were independent of water treatments as coefficients of determination (R 2 ) passed from 0.89 at the beginning (37-71 DWT) to 0.19 at the end of the experiment (105-133 DWT). Besides, statistical analysis indicated highly significant differences between species and water treatments. Similarly, the species × treatment interaction was highly significant (Table 4) .
Dry matter yield and stress tolerance index (STI)
Three years measures showed that water stress reduced DM yield in all three vetch species (Figure 3) . Vicia narbonenis had significantly higher values compared to V. sativa and V. villosa across all watering treatments. However, the decline in DM yield, over control, was lower in V. narbonenis than the two other species under severe (40% FC) water treatment (47%). At this treatment, DM yield reduction reached 56% and 64% for V. sativa and V. villosa, respectively. ANOVA showed highly significant effects of Species, Water Treatments, Years, Species × Treatments, and Species × Treatments × Years interactions (Table 3) .
Our results showed that STI decreased significantly with water constraint intensity ( However, there were no significant differences between years (Table 5) .
Seed yield and seed yield components
Seed yield and its components (number of inflorescences per plant, number of pods per plant, and number of seeds per pod) were severely affected by water constraint (Table  6) . Vicia villosa had the greatest number of inflorescences per plant but the highest reduction compared to control under the most severe treatment during the 1 st and 3 rd years of experimentation (62% and 69%, respectively). Furthermore, V. narbonensis is the species that had the lowest decline in number of inflorescences per plant (59%) considering 3 yr mean. ANOVA indicated highly significant effects of species, treatment and interactions Species × Treatment and Species × Treatment × Year highlighting the phenotypic variability. As regards to the number of pods per plant, it was highly affected by drought intensity (Table 6 ). Indeed, this parameter was significantly reduced by 55%, 55% and 42% FC under moderate drought and 68%, 76%, and 73% under severe one for V. narbonensis, V. sativa and V. villosa, respectively compared to control (mean of three years). The comparison of means showed highly significant differences between species and between water regimes. Similarly, the interactions Species × Treatment and Species × Treatment × Year were highly significant.
For the three species, the number of seeds per pod was slightly less affected by water deficit than the other yield components. Vicia sativa was characterized by the greatest number of seeds per pod under both normal and water limited conditions. Three years mean reductions were 25%, 20%, and 31% under moderate water constraint (60% FC) and 44%, 37%, and 54% under severe one (40% FC) for V. narbonensis, V. sativa, and V. villosa, respectively. Highly significant differences were observed between species and treatments for the number of seeds per pod. Nevertheless, the interactions between Species × Treatment and Species × Treatment × Year were not significant (P > 0.05) ( Table 6) .
Concomitant with the decrease in yield components, seed yield decreased under water shortage (Table 6) . Moreover, V. narbonensis had the greatest yield in control and other water regimes. During the 3 yr experimentation, the most severe yield reduction was observed for V. sativa (75%) under the 40% FC. In addition, statistical analysis showed highly significant differences between species, treatments and significant interactions Species × Treatment and Species × Treatment × Year.
Furthermore, water constraint lead to a slight decline of HI (Table 6) Table 5 . Mean values and standard errors for stress tolerance index of three vetch species under different water treatments.
Vicia narbonensis
Means followed by the same letter are not significantly different at P < 0.05. NS: Non significant (P > 0.05); *** P < 0.001; FC: field capacity. respectively). In the third year of experimentation, the greatest HI was observed in V. villosa in both control and severe drought (0.51 and 0.46, respectively). Besides, the effects species, treatments, Species × Treatments and Species × Treatments × Year interactions were highly significant.
Vicia sativa Vicia villosa
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Water use efficiency
Water use efficiency increased with water treatment duration in both control and water limited conditions. However, it decreased with the intensity of water constraint (Figure 4) Table 4 indicates significant differences between species, treatments, and a significant interaction Species × Treatment concerning the four measurement dates.
DISCUSSION
Water deficit led to a decrease in growth parameters (LA and RGR). Confronted to such constraint, plants develop several adaptive mechanisms to stand drought and to insure survival and reproduction (Vurayai et al., 2011) . Severe water stress (40% FC) reduced LA by 60%, 73%, and 75% in V. narbonensis, V. sativa, and V. villosa, respectively. Leaves are, thereby, the most sensitive organs of the plant. Indeed, the plant's first response under water constraint is to reduce its LA in order to minimize water loss (Villagra and Cavagnaro, 2006) . Furthermore, LA decrease for the three vetch species is caused by a diminished leaf number under water deficit in addition to the reduction in the limb surface. This decline in leaf number may be due to either limitation of new leaves formation or old leaves abscission. Accordingly, these adaptive responses at the leaf level affect plant productivity through photosynthesis reduction which leads to decrease biomass and seed yield (Vurayai et al., 2011) . Reducing LA is a drought avoidance strategy for the plants by reducing transpiration and avoiding low water potential which allows more water uptake (Villagra and Cavagnaro, 2006) . Relative growth rate (RGR) is an efficient physiological index for comparing effects of agronomic characters (Stolf et al., 2009) ; RGR was high at the beginning of the experiment for the three vetch species and decreased significantly from 71-105 DWT. Indeed, in early stages, plants are in vegetative growth phase and from 91 DWT, flowering starts in V. narbonensis. So, the reproductive stage begins and plants assign DM to the reproductive organs. Rosales et al. (2012) reported that effective mobilization of available assimilates, during the reproductive stage, seems to be a priority in water stress conditions. It should be noted that V. sativa showed the greatest reduction in RGR at 40% FC. This is the result of a high decrease in LA per plant (73%) as was observed by Bell (2005) on alfalfa. Similarly, Stolf et al. (2009) showed that RGR reduction in soybean is due to leaf abscission and low development of new leaves. Dry matter yield declined progressively in response to reduction in soil water availability. It was reduced by 47%, 56%, and 64% compared with the control for V. narbonensis, V. sativa, and V. villosa, respectively, under severe water deficit. Such reductions under water stress have been reported for many annual or perennial forages legumes (Busso et al., 1998; Acuña et al., 2010; Erice et al., 2010) . LA reductions induced by water restrictions negatively affects photosynthesis and thus biomass production. Saeed and Nadi (1997) explained forage yield decrease in alfalfa under water stress conditions by the reduction in stem density, stem length and leaf area. Besides, Aranjuelo et al. (2001) reported that alfalfa forage yield decreased due to the decline in photosynthesis which resulted from leaf area decrease and reduction of RuBisCo enzyme activity.
Vicia narbonensis was characterized by the greatest DM yield for all water treatments. This can be explained, on one hand, by its larger RGR as was indicated by Muhammad et al. (2010) on 13 forage legumes. These authors stated that higher growth rates might have resulted higher light interception and hence higher DM. It can be explained, on the other hand, by its larger LA. According to Annicchiarico (2007) , higher leaf area leads to higher forage and biomass production. Figure 5 showed high correlations (R 2 = 0.913) between LA and DM yield. But no relationship was observed between DM yield and RGR ( Figure 5) . Mefti et al. (2008) reported that DM yield performance was independent from RGR.
Stress tolerance index was higher in V. narbonensis compared to the other species concerning all the water regimes which indicates the superiority of the species in terms of drought tolerance. There is a highly significant correlation between DM yield and STI (R 2 = 0.943) ( Figure  5 ). Accordingly, this index may be effective in identifying high productive cultivars under water deficit conditions. Water stress reduced seed yield and yield components in all stressed treatments as compared to control. These reductions confirm previous findings on annual clovers (Iannucci et al., 2002) and faba bean (Ghassemi-Golezani et al., 2009 ). According to Gorai et al. (2010) , lowering production constitutes an adaptive mechanism which reduces plant's water needs in Medicago sativa L. and Astragalus gombiformis (Pom.), respectively. Besides, seed number decrease is considered as an avoidance strategy to cope with water stress (Tardieu et al., 2006) . Khan et al. (2010) reported that drought affects seed yield of faba bean by reducing total biomass production. The number of pods per plant was the most sensitive yield component to water constraint in our study. Chebouti and Abdelguerfi (2004) and Martinez et al. (2007) reported the same results on three species of Medics and common bean, respectively. The reduced number of pods per plant is probably due to flowers abortions. Thus, the low yields recorded under the severe water regime are partly explained by the reduced number of inflorescences and pods per plant as it was suggested by Martin et al. (2003) in white clover. Similarly, Nielsen (1996) reported that the reduction in seed yield of canola is due to a lower number of inflorescences per plant, pods per inflorescence and smaller seeds.
Vicia narbonensis was less affected by water constraint compared with V. sativa and V. villosa. It showed smaller reductions of the number of inflorescences and pods per plant under severe drought compared to control during 3 yr experiment. Accordingly, seed yield, which is the resultant of these components, underwent the least decrease (67.6%). Adjustment of these variables demonstrates the ability of this species to develop characters of adaptation to an imposed water shortage. Leaf water status parameters (relative water content, water potential, and stomatal conductance) demonstrated the superiority of V. narbonensis in comparison with the two other species (Haffani et al., 2014) . Besides, it was characterized by a shorter growth cycle than V. sativa and V. villosa (data no shown), which allowed it to escape terminal drought. For V. sativa, the number of pods per plant and yield were severely affected under the 40% FC water treatment (75.6% and 75.3%, respectively) mostly explained by flower and pod abscission. Despite the high number of inflorescences, flowers and pods, V. villosa had low yields because of the small seed size. Moreover, water potential reductions under water stress were more pronounced than relative water content decreases indicating that the three vetch species involved avoidance strategies to retain water in their leaf tissues (Haffani et al., 2014) . Seed yield was strongly related to leaf area (R 2 = 0.927) and to DM yield (R 2 = 0.841) ( Figure 5 ). Mwanamwenge et al. (1999) and Ghassemi-Golezani et al. (2009) reported a correlation between DM production and grain yield in faba bean. According to Xue et al. (2006) , photosynthesis reduction and accelerated leaf senescence under water constraint during the grain filling period are considered as major causes of grain yield decline of wheat. The grain filling stage largely determines the final yield that is regulated by source/sink relationships. Clavel et al. (2005) indicated that water deficit during this phase affects particularly certain physiological and biochemical processes conditioning the seed quality. The performance of many varieties has been improved by shortening the cycle length in almost all annual crops in order to escape drought (Clavel et al., 2005) .
Our results showed that HI decreased under severe drought stress (40% FC) while there was no significant differences between the other water treatments concerning the three vetch species. Reductions in HI due to drought have also been reported by Ramirez-Builes (2007) in several common bean genotypes. According to Barrios et al. (2005) the number of seeds per pod and weight of individual seeds reduced the HI and final bean yield. Furthermore, HI reductions are interpreted by either a limitation of the source or the sink or a limitation of assimilates transfer from the source to the sink, according to the stages (Debaeke et al., 1996) . The 3 yr mean HI of V. narbonensis showed the highest values for the control and the 40% FC water regime, indicating the improved resistance of this species to drought.
Moreover, an efficient use of limited water resources and a better growth are desirable traits for crops in drought environments (Jaleel et al., 2008) . Many previous studies have observed that WUE declines under water stress conditions and sustained that the species employed a water-use strategy (Hu et al., 2006; Gorai et al., 2010) . Blum (2005) considered lower WUE as an avoidance strategy. However some others have found the inverse case, i.e. WUE is improved under water limited conditions (Jaleel et al., 2008; Molero et al., 2008; Moreno et al., 2008) . Indeed, increases of WUE under water constraint are due to a proportionally greater reduction in transpiration than photosynthesis because of stomatal closure (Moreno et al., 2008) . In this study, WUE declined with drought intensity for the three vetch species. Several authors explained differently this behavior. First, according to Wu et al. (2008) , WUE decrease may be attributed to a low biomass production under severe water deficit conditions. Secondly, Gorai et al. (2010) sustained that WUE reduction under drought is due to an optimal water use by plants. Thirdly, Moreno et al. (2008) claimed that this behavior is caused by the predominance of non stomatal limitation to photosynthesis and by the fact that stomata are less sensitive to water deficit. Finally, Molero et al. (2008) reported that WUE reductions are induced by the worse regulation of stomata opening when submitted to water constraint.
In addition, our data showed that WUE increased with water deficit duration for both control and treated plants. In fact, plants developed mechanisms of adaption to water constraint through the optimization of water use. Qiu et al. (2008) reported that the greatest WUE variation occurred among growing stages rather than among irrigation treatments. Besides, WUE was positively associated with DM yield (R 2 = 0.641) as was reported by Saeed and El-Nadi (1997) and Mefti et al. (2008) . A significant relationship was observed between WUE and seed production (R 2 = 0.823) as was indicated in several studies such as Hu et al. (2006) and Neal et al. (2011) .
CONCLUSIONS
Water constraint led to decreases in growth, DM yield, water use efficiency (WUE), seed yield, and yield components in the three studied vetch species. However, it turned out that Vicia narbonensis was the most tolerant species to drought stress. The superiority of this species was because of its larger leaf area (LA) and higher relative growth rate. Moreover, it showed the smallest reductions of growth and yield and maintained the highest values of WUE and stress tolerance index in both control and water limited conditions. Vicia sativa and V. villosa had similar behavior with a small advantage of the latter. In fact, V. villosa had the most important reductions in DM Yield while V. sativa was the most affected species by water stress concerning seed production and water use efficiency (WUE). This study showed the importance of V. narbonensis for fodder and seed production in the areas where water is a limiting factor.
Previous findings including physiological variables indicated that the three vetch species involved avoidance strategies (reduction of LA, seed number, and WUE) to withstand water deficit. Nevertheless, V. narbonensis used both escape and avoidance mechanisms. Further studies must be done at the cellular and molecular level to determine if these species imply tolerance strategies when submitted to water constraint.
Moreover, the ecological distribution of these species is justified by our results. The large distribution of V. narbonensis is explained by its higher adaptation to water constraint. Vicia sativa and V. villosa areas are restricted to the northern and central Tunisia, which is in agreement with their lower adaptation to drought conditions.
